The history of the carbonate ion as a bridging ligand for the 10 formation of polymetallic clusters containing transition metal and lanthanide metal ions is an intriguing one. 1 A search of the CSD returns approximately 130 hits for metal cage complexes containing at least one carbonate ion. Of these >70 % contain transition metals, ~25 % contain lanthanides, with the remainder 15 being heterometallic d/f complexes. 2 In the vast majority of cases its appearance is entirely serendipitous in nature, resulting from the fixation of atmospheric CO 2 during aerobic reactions. 3 There are approximately 25 cases in which Na 2 CO 3 or NaHCO 3 have been deliberately added either initially or in an attempt to 20 improve the yield of a serendipitously obtained product, 4 and only five examples where CO 2 was deliberately employed as a reaction ingredient. 5 Given the renowned precipitous nature of the former two -often producing insoluble and amorphous products -the lack of use of the latter is particular surprising. The 25 CSD search also highlights the extraordinary flexibility of the CO 3 2-ion, revealing bridging modes ranging from bidentate to nonadentate ( Figure S1 ). However in 85 of these examples (>65%) the ligand is tridentate, forming M 3 triangles. From a magnetochemists perspective this topology holds much 30 fascination since the inherent magnetic frustration leads to fascinating and potentially useful physics.
6 As yet, however there does not appear to have been a concerted effort to systematically investigate the use of CO 2 (pyridine-2,6-dimethanol) 7 and NaO 2 C t Bu in a basic methanolic solution afforded a dark blue solution. The sample was filtered and CO 2 gas was then bubbled through the filtrate for 1 minute. Slow evaporation of the resulting solution resulted in X-ray quality hexagonal blue crystals of 1·7MeOH, after 3 days (see the 45 ESI for full synthetic details). Complex 1 crystallises in the trigonal space group P−3c1. The metallic skeleton describes a distorted tridiminished icosahedron ( Figure 1D The experimental magnetic susceptibility (χ) for complex 1, shown in the top panel of Figure 3, Figure 3 . The simulation of the susceptibility for 2 yields J Cu-Cu = +0.87 K. The positive sign denotes ferromagnetic coupling. Fixing the value of J Cu-Cu in equation (1), then affords J Gd-Cu = +0.40 K from the simulation of χT for 1. The Gd interaction is also ferromagnetic. 10 From the so-obtained values of the super-exchange interactions we calculate the isothermal magnetisation (M) curves which reproduce the experimental data of 1 satisfactorily ( Figure S2 ). Next, we evaluate the magnetothermal properties of 1. We apply the equation ܵ ൌ ‫‬ ‫ܶ݀ܶ/ܥ‬ to the measured heat capacity (C) in 60 order to obtain the entropy (S) of the system ( Figure S3 ). Then, we calculate the MCE, viz., the magnetic entropy change, ∆S m , and the adiabatic temperature change, ∆T ad , which are depicted in the top and bottom panels of 
Conclusion
The fortuitous appearance of CO 3 2-in many transition metal and lanthanide molecular complexes has inspired us to begin a systematic exploration of the use of CO 2 as a reaction ingredient 10 and CO 3 2-as a structure-directing templating ion in the construction of polymetllic cages containing paramagnetic metal ions. The preponderance of carbonate to be fixed into Ln-based materials is particulalry striking and suggests that bubbling CO 2 through solutions of Ln III salts may be particularly successful.
15
Given its small relative molecular mass and its ability to flexibly coordinate a number of metal ions the CO 3 2-ion also appears to be an excellent candidate for the constrution of molecular cryocoolers. 
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